Background: Bone complications are common in patients with thalassemia. Objectives: To assess risk factors for osteoporosis in patients with nonmajor thalassemia and its prevalence in randomly selected adult patients in Thailand.
Brief communication (Original)
Thalassemia is one of the most common genetic disorders. Thailand is an endemic area for this disease.
There are approximately 12,000−13,000 newly diagnosed with thalassemia (all types) every year, while there are about 600,000 patients living with this disease [1] . In Thailand and Southeast Asia, there is a high prevalence of HbE (up to 40%−50% in some areas of Northeast Thailand), so β-thalassemia with HbE is very common, and there is a high frequency of the α-thalassemia gene (up to 20%−40% in the north of Thailand), so HbH, which is a combination of abnormalities is also common. Advances in treatment, including safer blood transfusion therapy and effective iron chelation therapy, have contributed to the longevity of patients with thalassemia. Consequently, these patients suffer from greater morbidity. Because of the heterogeneity of this disease [2] , osteoporosis has a very high prevalence (up to 50%) in patients with thalassemia major (the most severe form) compared with the less severe forms (thalassemia intermedia and minor). In Thailand, there is national policy for prenatal screening of high risk women with thalassemia major, and the incidence of thalassemia major has decreased substantially since this policy was implemented. While nonmajor thalassemia (thalassemia intermedia and thalassemia minor) are more common, the exact prevalence of osteoporosis among thalassemia patients in Thailand with nonmajor forms is unknown. According to a large retrospective study of common practice in the treatment of thalassemia intermedia in Mediterranean Europe and the Middle East (OPTIMAL CARE), the prevalence of osteoporosis is 22.9% in thalassemia intermedia [3] . Because differences in geographic area, dietary calcium intake, and ethnicity, we cannot assume the same prevalence in Thailand as in Mediterranean Europe and the Middle East. The objective of this study was to measure the prevalence of osteoporosis in patients with nonmajor thalassemia in Thailand.
Osteoporosis is a prominent cause of morbidity in children and adults of both sexes with thalassemia [4] [5] [6] . Pathogenesis of thalassemia-induced osteoporosis (TIO) involves ineffective erythropoiesis and bone marrow expansion, endocrine complications, iron overload and iron chelation therapy, vitamin deficiency (especially of vitamin D), and decreased physical activity [7] . An important factor in TIO is ineffective erythropoiesis leading to increased erythropoietic activity and bone marrow cavity expansion, and then ultimately distorted bone architecture. Theoretically, suppression of erythropoietic activity by maintaining hemoglobin levels higher than baseline should decrease bone distortion that leads to cortical bone loss. It is common practice guideline for pediatric hematologists to maintain high hemoglobin levels (using a hypertransfusion regimen) at around 10−12 g/dL. Hypertransfusion regimens are proven clinically important in the maintenance of normal growth and development in children and adolescents with thalassemia. There are many observations that suboptimally transfused thalassemic patients have a lower bone mass than those with regular transfusion. However, there is no evidencebased information about maintaining a high hemoglobin level to help maintain bone mass in an adult setting. In Thailand, the most recent (2011) version of the National Practice Guidelines for diagnosis and management of thalassemia suggests the hypertransfusion regimen for thalassemic children aged <15 years. There is no recommendation for a hypertransfusion regimen or maintenance of higher hemoglobin levels in adult patients. The objective of blood transfusion in adult patients includes supportive and symptomatic treatment for anemic symptoms or special conditions, such as preoperative preparation and pregnancy. There are many concerns about the side effects from frequent blood transfusion. These side effects include iron overload, alloimmunization, and risk of infections. Because of advancement in transfusion therapy and more effective and more accessible iron chelation, the risk of all of the side effects mentioned can be minimized, and it is feasible to maintain adult thalassemic patients with a higher hemoglobin level than is the usual practice. So it is desirable to know the association between pretransfusion hemoglobin level and BMD score. To our knowledge, there are two papers reporting the prevalence of osteoporosis during childhood and adolescence in Thai patients with thalassemia major, and the prevalence is as high as 50% [8, 9] . The mechanism of pathogenesis of bone disease in thalassemia is multifactorial and complicated. Peak bone mass is reached shortly after completion of puberty and normally remains stable until the third decade of life, when age-related bone loss begins. Nontransfused patients develop bone distortion mainly because of ineffective erythropoiesis and progressive marrow expansion [10] . By contrast, in patients with severe β thalassemia with regular transfusion have greater BMD than patients with moderately severe β thalassemia without regular blood transfusion [11] . So the reduction of the rate of marrow erythropoiesis by blood transfusion, which is reflected by a high hemoglobin level would be the factor that reduces the severity of low BMD in thalassemic patients. This was confirmed in a study of different transfusion schemes in 52 patients with β thalassemia that showed a strong association between prehemoglobin transfusion and erythropoiesis (r = -0.77, P < 0.001) [12, 13] . However, a correlation of BMD with rate of marrow erythropoiesis has not yet been demonstrated in adult patient settings. Other than prevalence and risk factors for osteoporosis in adult patients with thalassemia intermedia and minor, we sought to determine whether a high hemoglobin level (which suppresses erythropoietic activity in bone marrow) correlates with high BMD.
Method
This was a cross-sectional study of 190 adult patients with thalassemia including thalassemia intermedia and thalassemia minor who were treated in Rajavithi Hospital, tertiary medical center in Bangkok, Thailand. Rajavithi Hospital Institutional Review Board approved the study protocol. Written informed consent was provided by all the patient participants.
Thalassemia intermedia and minor were confirmed by criteria used for documented hemoglobin typing (HPLC method). Data included age, sex, body mass index (BMI), type of thalassemia (intermedia or minor), blood transfusion (dependent vs. independent), iron loading (ferritin level), type of iron chelation (desferrioxamine or other), splenectomy, hemoglobin level, physical activity (GPAQ), dietary calcium intake (mg/day), vitamin D level, and osteoporosis (as BMD T or Z score). For iron load status, data were classified by serum ferritin level as follows: no iron overload (below 1,000 ng/mL), moderate iron overload (between 1,000−2,500 ng/mL), and severe iron overload (more than 2,500 ng/mL). For transfusion status, data were categorized as follows: regular transfusion (patients on dependent transfusion protocols (once every 1−3 months for a pretransfusion hemoglobin (Hb) of 90 g/L) initiated mainly for failure to thrive in childhood, bone deformities, progressive splenic enlargement, persistent worsening anemia, or development of complications during the course of the disease), and independent transfusion (patients who required incidental transfusions for transient severe anemia secondary to infections, surgery). Iron chelation therapy was defined as therapy administered for at least one year, otherwise the patient was defined as nonchelated. Osteoporosis was clarified using the WHO definition, with BMD T score ≤ -2.5 or Z score ≤ -2.5. Sample size calculation use the formulation as shown.
The prevalence of osteoporosis in thalassemia intermedia is 22.9% (23%) (OPTIMAL CARE study 
Statistical analysis
Descriptive statistics are expressed as frequency (percentages) or means. For osteoporosis, a univariate analysis was performed to determine the effect of study parameters (age, sex, body mass index (BMI), serum ferritin level, Hb level, splenectomy, transfusion, iron chelation therapy, physical activity, dietary calcium intake, and vitamin D level) using a χ 2 and Fisher exact test. Multivariate logistic regression analysis was conducted for osteoporosis as a dependent variable to determine the independent effect of relevant variables; where all variables with P of about 0.1 (on univariate analysis) were entered into the model. In the multivariate model, age was divided into 2 groups (<35 y and ≥35 years) and transfusion status was defined as independent transfused vs. dependent transfused to preserve sample size. Differences in the mean number of patients with osteoporosis between different treatment modalities were evaluated using an independent samples t test. All tests were 2-sided with the level of significance set at P < 0.05.
Results
We included 190 adult patients (58 men and 132 women) with thalassemia intermedia or minor in this study. Their mean age was 35.48 ± 14.11 years (range 18−87 years). A total of 57 patients (30%) were splenectomized. Mean hemoglobin level, BMI and steady-state serum ferritin of this patient group were 7.35 ± 1.81 g/dl, 19.95 ± 3.04 kg/m 2 and 1,745.53 + 1981.42 ng/ml. Mean BMD T score overall patients was -0.86 + 1.18. The correlation between hemoglobin level and BMD T score was r = 0.192, P = 0.008. Prevalence of osteoporosis overall patients was 11.6% (22/190). After excluding thalassemia minor, prevalence of osteoporosis amongst those with thalassemia intermedia was 13.8% (19/138). Some 51/190 patients (26.8%) were blood transfusion independent and had mostly thalassemia intermedia (49). Ninety-four patients (49.5%) had iron chelation including desferrioxamine (10.6%), deferiprone (78.7%), and others.
The mean vitamin D level was 25.35 ± 26.51ng/ mL (range 7.53−371.42 ng/mL), the prevalence of vitamin D deficiency (<20 ng/ml) was 35.3% (67/ 190). Most patients (156/190 or 82.1%) had inadequate daily dietary calcium intake. Finally, mean physical activity was 1684.43 ± 2493.74 METs-minutes-week. Comparison of mean BMD among patients with thalassemia intermedia who were blood transfusion dependent (49), with thalassemia intermedia who were blood transfusion independent (89), and with thalassemia minor (52) were -1.01 ± 1.17, -0.97 ± 1.16, and -0.54 ± 1.01 with P = 0.017.
Risk factors analysis
Results of univariate analysis are summarized in the Table 1 .
Univariate analysis of risk factors for osteoporosis among study population revealed that only low BMI (<20 kg/m 2 ) was identified as a significant risk factor with a crude OR 3.09, P = 0.039, while age, sex, hemoglobin level, splenectomy status, level of physical activity could not be demonstrated as risk factors. Moreover, iron chelation was a protective factor with a crude OR 0.24, P = 0.005. In a multivariate model, none of the parameters could be demonstrated to be a significant risk or protective factor. There was only a trend for low BMI as a risk factor (adjusted OR 2.92, 95% CI 0.92−9.34, P = 0.070) and a trend for iron chelation therapy as a protective factor (adjusted OR 0.32, 95% CI 0.08−1.14, P = 0.076) as shown in Table 2 . 
Discussion
This study sought to determine the prevalence of complication of osteoporosis in thalassemia intermedia and minor in Southeast Asia, and highlights a prevalence different from that found in a large retrospective study of these groups of patients in Mediterranean Europe and the Middle East. We found a prevalence of osteoporosis to be about half of the previous study (11.6% vs. 22.9%) [3] . Because of differences in geography, the severity of thalassemia and difference in practice managements, osteoporosis complications among adult thalassemia patients in Thailand are less common than elsewhere. However, mean BMD score in patients with thalassemia intermedia and dependent blood transfusion is generally less than in those with independent blood transfusion and thalassemia minor. Most studies of thalassemia major demonstrated that osteoporosis is strongly associated with age, history of hypogonadism, and concurrent hypothyroidism. In this study, after excluding patients with a history of hypogonadism and hypothyroidism, the prevalence of osteoporosis is still high. In pediatric patients with thalassemia, there is already evidence that supports that a high hemoglobin level is associated with suppressing bone marrow erythropoietic activity. Consequently, maintaining high pretransfusion hemoglobin level results in improvement of bone mineralization. This study also demonstrated a significant association between pretransfusion hemoglobin level with BMD score. However, such association is low; and there should be many factors that have an impact on bone mineral density in adult patients with thalassemia intermedia and thalassemia minor. During the screening process, about 26% of these patients were found to have subclinical hypothyroidism. Determining the importance of this condition on osteoporosis requires further cohort study. The present study found that thalassemia patients with vitamin D deficiency have strong association with osteoporosis, while dietary calcium intake and physical activity do not have a significant association.
Low BMI and no iron chelation were found to be significant risk factors while age, sex, pretransfusion hemoglobin, splenectomy, dietary calcium intake, and physical activity could not be demonstrated to be risk factors. Possible explanations are that most of patients in this study with clinically suspected or preemptive diagnosis of delayed puberty or postmenopausal women were excluded. So patients with clinical hypogonadism and no estrogen effect were not included in this study. Sex was not identified as a risk factor for osteoporosis as consistent with the findings of others [14] . All patients were treated by hematologists, who tend to prescribe blood transfusion only for symptomatic patients, according to Thai National guidelines for the treatment adult patients with thalassemia. Most patients were identified as having inadequate dietary calcium intake according to the Thai recommended dietary advice for adults (more than 6 years old = 800 mg/day) [15] . So we could not demonstrate any association between low dietary calcium and bone complication. It might be that our study population has high prevalence of inadequate intake of daily calcium (82.1%, 156 patients). However, patients with thalassemia should be encouraged to have adequate dietary calcium intake, despite the unknown long-term effect on osteoporosis. The prevalence of vitamin D deficiency in this study subjects was much higher (35.3%) compared with the normal Thai population (5.7%) [16] . This study could not demonstrate the importance of vitamin D level on osteoporotic complications of patients with thalassemia intermedia and thalassemia minor. There is a moderately strong correlation between vitamin D level and low BMD in thalassemia patients in North India (r = 0.398, P = 0.027) [17] . We recommend vitamin D level screening for thalassemia patients with osteoporosis. A study of vitamin D supplement intervention may determine whether osteoporosis and related skeletal events can be prevented.
Conclusion
Proper therapy with iron chelation can have protective effects in maintaining normal body weight for BMD. However, vitamin D deficiency is a risk factor for patients with osteoporosis.
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